Introduction
Drug therapy for heart failure (HF) has greatly improved in the last 4 decades and includes medications that potentially improve prognosis and drugs that predominantly relieve symptoms. 1 Although diuretics frequently play a central role in HF treatment, particularly in periods of clinical instability, their impact on HF-related morbidity and mortality is controversial. According to international registries, [2] [3] [4] most patients receive a loop diuretic during an episode of acute decompensation and the majority is discharged home taking a 'maintenance dose' of furosemide, the prototype of loop diuretics.
For most patients, diuretics lead to immediate and remarkable improvement of body congestion, but their net clinical effect on HF prognosis in the outpatient setting is uncertain. Observational studies suggest that use of high doses of diuretics might be related to unfavourable clinical consequences, with a dose dependent association with impaired survival. 5, 6 However, few prospective studies were specifically designed to evaluate the clinical risks and benefits associated with chronic diuretic administration. 7, 8 Current guidelines reinforce the lack of solid scientific evidence for its use, and the potential risks that might be involved. 1, 9, 10 In routine clinical practice, concerns about worsening of symptoms in HF patients limit furosemide withdrawing as an established recommendation.
Based on these uncertainties about diuretic use in chronic stable HF, the ReBIC-1 trial was designed to evaluate the safety and tolerability of withdrawing furosemide use in HF outpatients in a multicentre double-blind randomized clinical trial.
Methods

Trial design and enrolment criteria
ReBIC (Rede Brasileira de Estudos em Insuficiência Cardíaca) is a Brazilian research network created to develop clinical studies in HF and composed predominantly by tertiary care university hospitals. The ReBIC-1 trial is a randomized, double-blind, placebo-controlled trial that assessed the short-term safety and tolerability of discontinuation of furosemide in apparently euvolaemic (without evidence of clinical congestion) outpatients with chronic stable HF. The detailed protocol has been previously published. 11 In brief, ReBIC-1 enrolled HF outpatients with the following inclusion criteria: (i) age > _ 18 years old; (ii) New York Heart Association (NYHA) functional Class I or II; (iii) left ventricular ejection fraction (LVEF) < _ 45% assessed by transthoracic two-dimensional echocardiography performed within 12 months before the screening visit; (iv) no HFrelated hospitalization or visit to the emergency room within 6 months before the screening visit; (v) treatment with a stable dose of furosemide (40 up to 80 mg/day) for at least 6 months before the screening visit; (vi) serum potassium < 5 mmol/L; and (vii) optimized HF treatment with an angiotensin-converting enzyme inhibitor (ACEi), angiotensin receptor blockers (ARB) or angiotensin receptor neprilysin inhibitor, and beta-blockers, unless contraindicated or not tolerated. Patients with a clinical congestion score (CCS) > 5 points 12, 13 were excluded. For other exclusion criteria, see Supplementary material online, File (Protocol). The study was approved by the institutional review board at each site, and all patients provided written informed consent before enrolment and randomization. The study was registered at ClinicalTrials.gov (NCT02689180).
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ReBIC was sponsored by the Brazilian National Council for Scientific and Technological Development (CNPq, Brazil), a public governmental agency. Data management and analysis were performed at the network's coordinating centre at IATS (Instituto de Avaliação de Tecnologias em Saúde) and at Hospital de Clínicas de Porto Alegre. The authors are solely responsible for the design and conduct of this study, all study analyses, drafting and editing of the manuscript, and decision to submit the paper for publication.
Study logistics and randomization
Participants were randomly allocated in a 1:1 ratio to an intervention arm (withdrawal of furosemide) or a control arm (maintenance of furosemide at the same previous dosing). Randomization was stratified by centre and diuretic dose (40 mg/day and 80 mg/day) to allow balance between the two treatment arms. Randomization numbers were computer generated by the coordinator centre, independently for each centre and each furosemide dose in blocks of 6-8. After the initial assessment, eligibility confirmation and randomization, patients received two identical bottles of research pills at each visit: a bottle of morning pills to be ingested at 8:00 AM and a bottle of afternoon pills to be ingested at 2:00 PM.
During follow-up (90 days), researchers were oriented to maintain HF therapy unchanged, if possible. Up-titration of existing HF therapy was discouraged by the study protocol, considering that the follow-up period was relatively short. Both patients and researchers were blinded to group allocation.
Baseline and follow-up visits
Follow-up visits were at 15, 45, and 90 days after the randomization visit. At baseline and at the final visit all patients underwent (i) assessment of the CCS; (ii) routine laboratory evaluation; (iii) a standard 6-min walk test; (iv) self-assessment of dyspnoea using a visual analogue scale (VAS) method; and (v) measurement of NT-proBNP levels using total heparinized venous blood and a point-of-care equipment (COBAS h 232, measuring range 60-9000 pg/mL; F. Hoffmann-La Roche Ltd, Basel, Swiss).
Primary and secondary endpoints
The trial had two co-primary endpoints to evaluate the feasibility of furosemide withdrawal. First, dyspnoea was assessed using a VAS. Patients were asked to mark their level of dyspnoea on a horizontal line based on their sensation of shortness of breath during the last week. The VAS was scored from 0 to 100, and applied at baseline, Day 15, Day 45, and Day 90 after randomization. The VAS was independently and blindly re- 
Criteria for initiation of loop diuretic during follow-up
Use of loop diuretics during study visits was decided by a physician blinded to group allocation, according to pre-defined clinical criteria. It was recommended the reuse of loop diuretics only if a patient has a clear clinical evidence of worsening of congestion (increases in the CCS > 5 points and increases in weight >2 kg along with new symptoms or increase in NYHA functional class). The endpoint adjudication committee was oriented to consider the temporary initiation of loop diuretic during follow-up as a primary event when (i) any temporary intravenous (IV) loop diuretic and (ii) any temporary oral (PO) loop diuretic greater than 4 days was used during the protocol. Unintended or accidental use of loop diuretic equal or less than 4 days was not considered an endpoint.
For the current analysis, we also evaluated the composite clinical endpoint of HR-related death, hospitalization, or emergency room visit during follow-up (secondary endpoint). Isolated variations in NT-proBNP levels were not used as an index of clinical congestion or to decide reuse of diuretics.
Statistical analysis and sample size
All analyses were performed according to the intention-to-treat principle. A P-value of less than 0.05 was considered statistically significant. Treatment groups were compared using a linear model for continuous variables, and by logistic regression for binary endpoints. Difference between the two treatment groups in the primary endpoint of patientreported assessment of dyspnoea based on a VAS was assessed by the Wilcoxon rank sum test with continuity correction. Baseline NT-proBNP levels were dichotomized using the median values for subgroup analysis, as previously planned. 11 Heterogeneity was assessed using multiplicative interaction terms.
As previously reported by the DOSE trial, 14 we estimated the minimum clinically important change to be 600 points for the AUC of the dyspnoea VAS. The maximum possible score on the VAS AUC was 9000 points (100 points Â 90 days). Initially, we used the same assumptions of the DOSE trial for the expected standard deviation in the dyspnoea VAS AUC ($1500 points). In addition, we performed a preliminary analysis of the first 20 randomized patients, to ensure that these pre-defined assumptions were not misleading. 11 Based on these findings, considering a difference of 600 units in the AUC, a statistical power of 80%, and 5% significance level, the required sample would be 110 in each group. Eventual missing data (n = 6) on the dyspnoea VAS (one out of four assessments) were interpolated using the mean of the available individual values to allow building of the curves. We also performed a sensitivity analysis of the dyspnoea VAS score ('worst-case scenario') imputing a score of 100 in the VAS for all patients with events or reuse of furosemide. For the co-primary endpoint (percentage of patients maintained without loop diuretics during the follow-up period) and based on previous studies on the use and withdrawal of HF drugs, 15, 16 we estimated an absolute difference in additional furosemide use of 20% by the end of the protocol (25% in the withdrawal group ad 5% in the maintenance group). Based on these estimates, considering a statistical power of 80%, and 5% 447 HF outpaƟents were screened 188 HF outpaƟents were randomized 259 were excluded 74 had a clinical congesƟon score > 5 points 44 had parƟcipaƟon on other intervenƟonal clinical research 36 had prior ACS, stroke or myocardial revascularizaƟon 32 had end-stage acute or chronic renal disease 16 had severe pulmonary disease 15 had severe valve heart disease 15 had inability to understand and sign the informed consent 10 had malignancy on acƟve treatment 10 had congenital heart disease 7 had severe hepaƟc failure or cirrhosis significance level, the required sample would be 59 in each group. 11 We achieved 82% and >100% of the planned sample size for the two co-primary endpoints, respectively. In September 2018, the coordinating committee decided to finalize the enrolment of patients, since inclusion rates in most centres decreased substantially overtime.
Results
Clinical characteristics of patient population
A total of 417 patients were screened and 188 patients were enrolled between October 2015 and August 2018 at 11 clinical sites in Brazil (Figure 1 -Consort Diagram). Enrolment rates are described in the Supplementary material online, Table S1 and Figure S1 . The mean age of the patients was 59(±13) years; 25.5% were women, and 34% were black, and 65% were in NYHA functional Class I ( Table 1) .The predominant HF aetiologies were ischaemic heart disease and idiopathic cardiomyopathy, and the mean LVEF was 32(±8)%, ranging from 18% to 45%. Baseline drug therapy was stable and optimized: 100% of the studied patients were using a beta-blocker, 91% were using either an ACE inhibitor or an ARB, and 71.8% were using an aldosterone antagonist.
Primary outcomes
No significant difference between the two treatment groups was observed for the primary endpoint of patient-reported assessment of dyspnoea based on a VAS [median AUC 1875 (interquartile range, IQR 383-3360) in the withdrawal group and 1541 (IQR 474-3124) in the furosemide maintenance group; Wilcoxon rank sum test P = 0.94] (Table 2 and Figure 2 ). Sensitivity analysis imputing a VAS score of 100 for missing values depicted similar results [median AUC 2258 (IQR 698-3975) in the withdrawal group and 2018 (IQR 570-3600) in the furosemide maintenance group; Wilcoxon rank sum test P = 0.50]. Supplementary material online, Table S2 describes VAS analysis stratified by baseline NT-proBNP levels.
For the second co-primary endpoint, 70 patients (75.3%) in the withdrawal group and 77 patients (83.7%) in the maintenance group were free of furosemide reuse during follow-up. Withdrawing furosemide resulted in an odds ratio (OR) for additional furosemide use of 1.69; 95% confidence interval (CI) 0.82-3.49; P = 0.16. In subgroup analysis based on the median levels of baseline NT-proBNP (< _ or > 652 pg/mL), we also did not observe significant differences between groups (P-value for interaction = 0.53) ( Figure 3) . Regarding baseline dose of furosemide, only 34 (18% of the study sample) patients were using 80 mg/day. In subgroup analysis, we observed a trend to higher additional furosemide use with withdrawal only in patients using 80 mg/day (OR 4.73, 95% CI 0.82-27.1; P = 0.07); but not in patient using 40 mg/day (OR 1.25, 95% CI 0.55-2.85; P = 0.59; P-value for interaction = 0.17). Table 2 describes the secondary outcomes according to group allocation. Heart failure-related events (hospitalizations, emergency room visits, and deaths) were infrequent during follow-up and similar between patients that maintained or discontinued furosemide. Only two deaths (sudden cardiac deaths) were observed during the trial, both in the furosemide group. Median change in levels of NT-proBNP, creatinine and BUN, and changes in functional capacity assessed by the 6-minutes' walk test were not significantly different between groups and minor in magnitude. In addition, baseline and final NT-proBNP levels were significantly and similarly correlated in both groups (Figure 4) . Supplementary material online, Figures S2 and  S3 depict individual values of NT-proBNP levels and weight at baseline and after 90 days of follow-up in both groups.
Secondary outcomes
Adverse events
Adverse events were clinically minor in both groups, but numerically more frequent in the furosemide withdrawal group than in the furosemide maintenance group (45 vs. 37 events, respectively) (see Supplementary material online, Table S3 for complete description of adverse events). The most common reported complaints were dyspnoea/tiredness (10 vs. 6 events, respectively), and dizziness or symptoms related to hypotension (7 vs. 6 events, respectively), but these events were well balanced between groups. Facial and limb oedema were also reported by patients during the trial predominantly in those randomized to withdraw furosemide (7 vs. 0 events, respectively). Most of these patients [6 (86%)] had addition use of furosemide during the follow-up, but were self-limited and did not result in emergency room visits or hospital admissions. Interestingly, only two patients (1% of the study sample) spontaneously reported reduction in diuresis, both in the furosemide withdrawal group.
Discussion
The REBIC-1 trial evaluated whether diuretic withdrawal is a safe clinical strategy in stable outpatients with HF. Our main findings were that (i) the self-reported perception of dyspnoea was not changed in patients who stopped using furosemide and (ii) most study subjects tolerated diuretic withdrawal without the need of additional use of furosemide up to 90 days after randomization. Overall, both groups had an excellent short-term prognosis, with no clinically relevant increments in NT-proBNP levels and an event-free survival rate of HF-related hospitalizations or deaths close to 95%. So far, data have been conflicting and methodologically flawed to support the clinical decision to maintain or withdraw furosemide in the outpatient setting. Several previous reports have suggested that chronic use of diuretics might be indeed deleterious, but they were intrinsically limited by the observational nature of most studies. A sub-analysis of the SOLVD trial published in 2003 demonstrated an increase of 31% in the risk of HF hospitalization or death among patients taking non-potassium sparing diuretics compared with those not taking any diuretics. 17 A cohort study of advanced HF patients also detected a dose-dependent association between loop diuretic use and impaired survival. Patients in the highest quartile of diuretic dosing had a four-fold increase in the risk of dying, even after extensive covariate adjustment. 5 Recently, Pellicori et al. 18 also found a worse prognosis among patients receiving diuretics, but multivariate analysis identified that markers of congestion were independently associated with adverse outcomes, but not the use or dose of loop diuretics. Analysis reported from a specialized outpatient HF clinic suggest that higher doses of diuretics did not impair survival, but rather indicate greater severity of the patient's condition. 19 Although loop diuretics are widely used to treat HF, it is surprising that few prospective studies have been designed to evaluate the impact of different strategies of diuretic adjustment in HF patients. The 'Diuretic Optimization Strategies Evaluation' trial 14 was pioneer in the scenario of acute decompensated HF, demonstrating no significant differences in patients' global assessment of symptoms or in deterioration of renal function irrespective of the mode of infusion or dose of administration of the diuretic therapy. Unfortunately, there is scarce contemporary data to guide diuretic adjustments in the outpatient setting. 7, 8 In an uncontrolled study, McKie et al. 20 evaluated the effects of furosemide reduction in 32 patients with stable symptomatic HF, suggesting that it might be safe to reduce diuretics. Recently, 40 chronic HF patients using high dose loop diuretics were randomized to either continuation or reduction of furosemide doses.
In this study, only one patient had to resume the dose of diuretics because of a marked increase in congestion-related symptoms. 16 Our study represents the first multicentre double-blind randomized initiative to assess different diuretic strategies in outpatient setting. Our findings indicate that furosemide withdrawal might be safe and well tolerated in a subgroup of relatively young and stable HF outpatients, with no clinically relevant impact on the self-perception of dyspnoea or in the rate of additional use of furosemide. Although our study was underpowered for comparisons between different doses of furosemide at baseline, subgroup analysis suggests caution in diuretic withdrawal in patients using 80 mg of furosemide daily.
International guidelines do not provide straightforward recommendations on how to deal with diuretics adjustments in stable HF outpatients. The 2013 ACCF/AHA Guideline for the Management of Heart Failure states that few patients with HF will be able to maintain target weight without the use of diuretics, 10 although the basis for such statement is unclear. Our results are in agreement and provide scientific evidence for the clinical recommendation that diuretics might be discontinued in selected asymptomatic euvolaemic or hypovolaemic patients, as suggested by the ESC guidelines. 9 Such strategy simplifies HF therapy and might reduce the inconvenient adverse effects of polypharmacy. Diuretic withdrawal might facilitate optimal use of life-saving therapies and may allow physicians to uptitrate the dose of inhibitors of the renin-angiotensin system, as both classes of drugs may be associated to azotaemia. One should be caution, however, in the perception that indiscriminately withdrawing HF medications is harmless. The recent results of the TRED-HF trial 21 suggest that the sequential withdrawal of loop diuretics, ACE/ARBs, beta- blockers, and mineralocorticoid receptor antagonists is associated with relapse in patients deemed to have recovered from dilated cardiomyopathy. Dovancescu et al. 22 also demonstrated that the omission of HF drugs for only 48 h led to a significant increase in NT-proBNP levels and reduction in transthoracic bio-impedance. These findings emphasize that even acute withdrawal of drugs may be harmful for stable HF outpatients. It is relevant to point out, however, that in this protocol all HF medications were omitted simultaneously, some patients might have been using high-dose diuretics, and the study design was not blinded.
Limitations of our study must be considered. Although our study design is double-blinded, we acknowledge that some patients might have realized that their medication has been discontinued. This does not seem to be a major concern, since the unintentional (patient driven) use of additional diuretics was similar between groups (data not shown) and the self-perception of diuresis reduction was reported by few patients. We also acknowledge that our study is underpowered to address the impact of discontinuation of furosemide in hard clinical outcomes, and there is uncertainty regarding the long-term effects of such strategy. Prospective larger studies are needed to conclusively address these issues. In addition, we recognize we were unable to achieve our pre-defined sample size for the AUC of the dyspnoea VAS, limiting the statistical confidence of our findings. As such, we cannot completely rule out a type II error. It is important to point out, however, that the mean difference in the AUC for the dyspnoea VAS score observed between groups in the ReBIC-1 trial was below the minimum clinically important change in the AUC that has been previously suggested. 14 The ReBIC-1 trial enrolled a relatively younger population of HF patients and our results might not apply to the very elderly. Finally, to avoid that one co-primary Endpoint may have confounded the other co-primary endpoint, we performed a sensitivity analysis in which patients that have restarted diuretics were assigned a VAS score of 100. Even using this 'worst-case scenario', there was not a substantial difference between groups.
Conclusion
The ReBIC-1 trial demonstrated that in outpatients with stable HF furosemide withdrawal did not change the self-perception of dyspnoea and was not associated with increased reuse of additional diuretics (Take home figure) . Therefore, furosemide discontinuation might be a safe strategy that deserves consideration for selected a subgroup of HF patients in the outpatient setting, with cautious follow-up. These results apply only to relatively young patients with mild and stable symptoms, no or minimal clinical signs of congestion, a reduced LVEF, receiving optimal medical therapy.
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